The American College of Surgeons (ACS) and the Department of Homeland Security (DHS) encourage the use of tourniquets as part of the "Stop the Bleed" campaign. Both have provided instructions for layperson tourniquet application in order to save the life of a hemorrhaging trauma victim. This study sought to compare the impact of using ACS and DHS instructions with manufacturer-provided instructions for the completion of simulated tourniquet application steps. Thirty surgical trainees completed a simulated tourniquet application with one of the three instruction sets. Their completion time and success for each step were measured. Participants that received ACS instructions failed the fewest number of steps (p < 0.01) and completed the task faster (Mean (SD) = 70 (33) seconds) compared to those with the manufacturer-provided instructions (p < 0.01). Tourniquet instruction sets need to be refined in order to optimize the success rate of just-in-time guidance for tourniquet application.
INTRODUCTION

Tourniquet Use
Massive hemorrhage control is a critical first step in saving the life of a trauma victim. When a first responder arrives on scene, there are many steps to ensure safety of the victim and responder. When direct pressure either cannot stop bleeding or is not feasible due to the situation, a tourniquet may be necessary. Until recently, there has been limited support from medical practitioners in using tourniquets to stop hemorrhage, due to concern for tissue ischemia and compromise (Lee, Porter, & Hodgetts, 2007) . Based upon the military experience with tourniquet applications, and faced with an increased potential for mass casualty events in the United States, prehospital care standards are changing (American College of Surgeons, 2016; Frangou, 2016; U.S. Department of Homeland Security, 2015) . Military experience demonstrates that tourniquet use saves lives; even after many hours of tourniquet use, tissues that were deprived of blood can still heal without the need for amputation (Beekley et al., 2008; Kragh Jr, Baer, & Walters, 2007; Kragh Jr et al., 2009; Lakstein et al., 2003) . Although the civilian literature is sparse, similar results have been noted (Scerbo et al., 2016; Stiles, Cook, & Sztajnkrycer, 2017) .
The American College of Surgeons (ACS) has initiated the "Stop the Bleed" campaign in conjunction with the Department of Homeland Security (DHS) in order to promote and educate the public on tourniquet use in trauma situations (Frangou, 2016) . There is a vision-at present time with minimal implementation-to provide access to tourniquets in public places just like the deployment of Automated External Defibrillators (AEDs) (Jacobs, Burns, Langer, & Kiewiet de Jonge, 2016) . However, very little is known about how to provide just-in-time emergent guidance for tourniquet application.
AEDs have been optimized to provide clear pragmatic guidance to anyone using one in an emergency situation. AED instruction has also been included in lifesaving courses such as those offered by the American Red Cross. These pre-emptive trainings can lead to increased confidence and success (Mancini et al., 2009; Yeung, Okamoto, Soar, & Perkins, 2011) . However, instructions provided with the AED packaging may be adequate to instruct new untrained users in the just-in-time application (Yeung, et al., 2011) , even during an emergency.
Ideally, tourniquet instructions would be optimized to guide any individual through successful application including first-time users. This would increase the chance of tourniquet success by a layperson in an emergency situation. If tourniquets are placed in public areas along with AEDs starting immediately, there will be limited options for just-intime instruction. Between ACS, DHS and the directions provided with the commercially available tourniquet used in this study ), several potential instructions are available for lay providers for tourniquet use. To our knowledge, these instructions have not been compared or evaluated for their effectiveness in providing just-in-time training for successful tourniquet use. The goal of this study was to determine if medical trainees could complete 10 identified steps in tourniquet application based on the instructional guidance of one of three (DHS, ACS, CAT-7) instruction sets currently available.
METHODS
In this prospective trial, general surgery residents (postgraduate year 1 or PGY-1), medical students, and research trainees (postgraduate researchers with a medical degree) participated in an educational event to train and test their knowledge and surgical skills while rotating through several skill stations. This study focused on tourniquet use in a trauma simulation and compared three different instruction sets for impact on application of a commercially available tourniquet.
Instrumentation
The commercially available CAT-7 (C•A•T Resources, LLC; Rock Hill, SC) was used for this simulation. This tourniquet consisted of: (A) a Velcro constricting band for placement on a limb, (B) a windlass for further tightening the tourniquet, (C) a clip to secure the windlass, and (D) a Velcro strap to ensure the windlass remained secure and allowed for a time notation (Figure 1) . A manikin lower limb with a simulated open fracture and resultant uncontrolled hemorrhage provided a consistent model for a patient that would require a tourniquet (Figure 2) . 
Participant recruitment and setting
A convenience sample of surgical PGY-1 residents, medical students, and surgical research trainees was collected during a bi-annual surgical skills assessment event (Farley, Greenlee, Haigh, Cook, & Enger, 2009 ). The 30 participants rotated through different surgical skills stations. This study includes the results from one of eighteen 7-minute station during this surgical skills event. Participants were randomized to the three different instruction sets according to gender and level of education/role (resident, medical student, research trainee) for stratification.
Instruction sets
Three different instruction sets developed by ACS, DHS, and the manufacturer of the CAT-7 were utilized for this study ( Figure 3A-C) . Only steps specific for tourniquet use and placement were included in the simulation event (e.g., steps such as direct pressure were excluded) to focus solely on tourniquet use and instruction utility. 
Tourniquet Application Steps
Using the Combat Medic Advanced Skills Training (CMAST: Student Reference, 2005) along with the manufacturer-provided instructions on how to use the FDAapproved CAT-7 tourniquet (C•A•T Resources, LLC; Rock Hill, SC), we were able to identify 10 steps for tourniquet application ( Table 2 ). The only critical steps the trainees were asked to perform to increase the chance of survival (as described by the CMAST) were to place the tourniquet properly (proximal to the wound) and stop the bleed. To the best of our knowledge there is no standardized military or civilian sequence of steps for tourniquet application specifically for the CAT-7. We followed CMAST (Combat Medic Advanced Skills Training (CMAST): Student Reference, 2005) closely but included a few steps that were only mentioned in the CAT-7 manufacturer instructions. Using the steps identified from these resources, we sought to evaluate the ability of the participants to meet these steps based on the provided instruction set.
Data collection
Participants first completed a baseline questionnaire about previous experience and confidence with tourniquets. When entering the room for the task, the simulation set up (Figure 2 ) was behind a screen so the participants remained blinded to the task. Upon entry, they were briefed on the incident, provided with verbal instructions, and asked about any questions they had prior to starting their task (See Table  1 ). Participants were not informed of the study purpose, which was to evaluate the impact of the instruction sets on performance. After completing the briefing, they were permitted to go past the screen and begin the task. Immediately upon passing the screen, they saw the simulation set-up as seen in Figure 2 and their time to "stop the bleed" began. They were randomized to one of the three instruction sets and allotted 3 minutes to complete the tourniquet A B C D application to qualify as successful application but were asked to verbally indicate task completion. The study was approved by the Mayo Clinic Institutional Review Board. With a shift in the clinical practice guidelines toward encouraging the use of tourniquets, we want to understand how to train both professional and lay users on proper tourniquet use. This station will provide you with some hands-on experience with a commercially available, FDA approved tourniquet and provide us as educators ways to include "just-in-time" training with tourniquets. Before I give you your prompt, do you have any questions? Prompt You are being asked to stop the bleed to save the victim's life in this simulation. Pressure has been applied to the wound followed by a dressing and more pressure. However, the bleeding has not been stopped and a tourniquet needs to be applied in order to save the victim's life. You have 3 minutes to stop the bleed once you pass this curtain. Your tourniquet and instructions will be next to the victim. Please indicate when you have completed the task. Do you have any questions? | You may begin.
Evaluation
Two human factors engineers conducted the set-up, introduction, and evaluation. The baseline questionnaire focused on the participants' experience with a tourniquet. Participants were not randomized by their previous training or experience since the researchers collected this information at the time of the study. During the tourniquet application, one human factors engineer observed for completion of 3 steps (Table 2 , steps 7-9) and the second human factors engineer recorded the time to completion. After the simulated tourniquet application by the first trainee and while the next participant was applying a tourniquet, the second human factors engineer evaluated the success of the task by the first trainee. All steps were deemed pass or fail based on the ability of the participant to complete the steps with the provided instruction set. 
RESULTS
The 30 participants consisted of 17 male and 13 female participants, 1 medical student, 26 residents, and 2 research trainees. Thirteen (43.3%) of the participants had prior training in tourniquet use, predominantly through the ACS-Advanced Trauma Life Support (ATLS) course. Average prior experience included performing two tourniquet applications to a maximum of 5 applications. There was no specification of simulated vs clinical application. Participants with previous experience self-rated initial higher confidence and familiarity with tourniquet application in the baseline questionnaire.
Failed Steps
In an ANOVA for the independent variable of Instruction type (ACS, DHS, CAT-7) by level of training (Trained, Untrained), instruction type was significant, F(2, 25) = 6.182, p < 0.01, but no effect of training was shown, F(1, 25) = 7.128, p = .314, nor effect due to interaction between training and instruction type, F(2, 25) = 1.762, p = 0.192 on the number of failed steps. Further Tukey post-hoc tests showed that the participants following the ACS instructions had a significantly lower percentage of failed steps as compared to the participants who received the CAT-7 manufacturer instructions, p < 0.01 as well as compared to the participants who received the DHS instructions, p = 0.024, see Although there were no statistically significant differences in the percentage of participants who failed for each step, 55-70% (variation based on the instruction set received) of the participants failed step 2 and did not tighten the strap tight enough that three fingers could not slide under it once fastened with Velcro, potentially not stopping hemorrhage. In addition, 60-90% of the participants failed
Step 9 of Table 2 and did not re-thread the tourniquet.
Speed of Application
Overall, participants completed the task in mean (SD) 101 (40) (n=5, 17%) at which time they were stopped (these participants had finished the task but had not yet verbalized completion) and minimum of 35 seconds (n=1). When stratified by instruction type, the fastest average completion time was with the ACS instruction set at 70 (33) seconds. The results from the ANOVA comparing performance (dependent variable, completion time in seconds) by the type of instruction (ACS, DHS, CAT-7) and by the level of tourniquet training (Trained, Untrained) showed a significant effect of instructions, F(2, 25) = 7.128, p < 0.01, but no effect of training, F(1, 25) = 7.128, p = 0.314. To follow up with this ANOVA, the Tukey post-hoc tests showed that the ACSgroup had a significantly shorter average application time as compared to the CAT-7 group (p < 0.01, Figure 5 ). 
DISCUSSION
This study compared participant performance of tourniquet application with three different instruction sets. While tourniquet use is currently being promoted to the public (Frangou, 2016) , this study questions the ability for medical students, surgical residents, and research trainees to follow currently published tourniquet application instructions. This is particularly concerning given the level of pre-existing medical knowledge available to these participants which would likely be absent in the general public. Participant performance (i.e., successfully completed steps) and speed of the simulated tourniquet application varied based on the instruction set received. Based on this pilot study, the ACS instructionswhich are more pictorial (Figure 3 .B)-yielded the best application performance and speed results. However, there are still many improvements that could be made to the instruction set in order to improve clarity and ideally performance of the tourniquet application task.
Despite the fact that 43% of participants had prior tourniquet training and therefore increased familiarity and confidence, the instruction sets did not impact the number of failed steps during the tourniquet application simulation. As shown in Figure 3 , the ACS instruction set was very simple, had a straightforward flow, and was primarily graphic with very few words. This format most effectively conveyed instructions to the participants allowing them to successfully apply the tourniquet more rapidly than the CAT-7, which had considerable text in small font.
Comparing the instruction sets with participant ability to perform each step of Table 2 , certain procedural steps were not well represented across any of the instruction sets. For example, on Step 2 (Table 2) where the strap should be tightened so that less than three fingers could slide under the strap once fastened with Velcro, participants performed poorly on this step regardless of the instruction set received. While wrapping the tourniquet strap around the limb is obvious for the ACS instructions ( Figure 3A) , there is no indication that three fingers should not fit under the strap as indicated in the CAT-7 instructions ( Figure 3B ). In the middle of a relatively large block of text in the CAT-7 instructions, the Step 2 metric is listed. However, many participants still failed this step when the received the CAT-7 instruction set. It is likely that they missed this step due to its location in the instruction set and the density of the surrounding text (Wogalter, Conzola, & Smith-Jackson, 2002) . It must be noted that the CAT-7 manufacturer instructions were not developed as a just-in-time training tool, but rather as a comprehensive reference to be used during formal hands-on training programs. However, without any other available instructions or previous training on tourniquet use, it may be used as a justin-time training tool for a layperson in an emergency situation. Finally, in the DHS instruction set ( Figure 3C ), there is simply a step indicating that the strap should be pulled through the buckle; there is no instruction or indication to use the Velcro to secure the strap nor an indication of how tight it should be secured. All three instruction sets failed to properly instruct over half of the participants, all of whom were medically trained.
The instruction for two-hand application is to rethread the strap proximal to the wound (Step 9). In the ACS instruction ( Figure 3A) , there is no instruction beyond simply wrapping the strap around the limb. In the CAT-7 instructions ( Figure 3B ) there are two different instructions with an "OR" between indicating one-or two-handed application. For the two-handed application portion there is a note in the text to" re-thread the strap". Finally, for the DHS instruction set ( Figure 3C ), there is nothing more than an instruction to pull the strap through the buckle. All three instruction sets failed to instruct a majority of the participants to re-thread the tourniquet.
For the speed of application, participants were provided three minutes to complete the tourniquet task. Some participants (17%) used the full three minutes for the simulation. Although they had finished the application, they had not verbalized completion and were re-reading instructions or visually checking the tourniquet. In a real-life scenario, this should be within the time window needed to stop exsanguinating hemorrhage to save the life of the victim; however the time to exsanguination will be dependent on the type of bleed and the time between the initial trauma and the tourniquet application. Participants performed the task the fastest with the ACS instruction set. This was likely due to the fact that the instructions flowed well and had very few words to distract participants or require studying while completing the tourniquet application task. Participants' performance time with the DHS instruction set was not significantly slower than those with the ACS instruction set. This could be due to the fact that while the DHS instruction set had more words and a less straightforward flow, it too was a relatively graphic instruction set. The CAT-7 instruction set was the most cumbersome and time-consuming for the participants due to the excessive words and small pictures. This is true even though these were highly educated surgical trainees with good vision; something not necessarily representative of the general public accessing a tourniquet posted near and AED. However, it must be noted that the ACS and DHS instruction sets were specifically developed as just-in-time training tools, while the manufacturer instructions were not. Overall, each instruction set did not adequately instruct users to complete some of the identified steps for justin-time tourniquet application. This pilot study demonstrated that without a standard tourniquet instruction set, it was difficult for even medically trained individuals to correctly and successfully apply a tourniquet. Given this finding, we speculate it will be equally or more difficult for laypeople or trained individuals who have not practiced this task recently to apply a tourniquet to stop hemorrhaging in a trauma victim, especially in an emergency. Refining instructions to reach performance efficiency analogous to the AED instructions will also aid in creating tourniquet education curricula ranging from trained medical professionals to the general public/laypeople.
As with every study, there were some limitations to this pilot study. First, the participants were not randomized to the three instruction sets based on prior tourniquet experience since they answered this question after randomization. This could have skewed some results based on the different instruction sets. However, the results of the ANOVA indicated no impact due to training. Second, since a manikin without a pulse or simulated bleeding was used, we could not confirm that the bleeding was stopped or enough pressure had been applied to stop the distal pulse. Therefore, despite failing some steps, participants could have successfully applied the tourniquet and ultimately completed the task of stopping the bleed. Additionally, this study did not require continual pressure on the wound during tourniquet application in order to more thoroughly evaluate usability. Finally, the steps were not tested for clinical validity or necessity. Therefore, some of the steps that we identified could be incorrect or unnecessary. Future studies that can measure a more accurate level of success will be able to better evaluate the instruction sets and the impact they have on the performance of tourniquet application and lifesaving.
CONCLUSION
With recent emphasis on hemorrhage control for victims with exsanguinating extremity trauma, a pragmatic instruction set is needed to guide both professional and untrained laypeople in the application of tourniquets. While the ACS instruction set provides some promising performance benefits, our study suggests that the instructions are fallible for just-in-time training. Simple instructions with detailed pictures instead of words will likely have more success in guiding individuals through successful tourniquet application. Simple modifications to the instructions could improve the success of placing tourniquets in publicly available locations immediately. These results could further be used to create an optimal instruction design for improved just-in-time tourniquet application success rates.
